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Energy dependence of the A/U° production cross section ratio 
in p-p interactions. 
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Abstract. The production of the A and S° hyperons has been measured via the pp — > pK + A/S° reaction 
at the internal COSY-11 facility in the excess energy range between 14 and 60 MeV. The transition of the 
A/E° cross section ratio from about 28 at Q < 13 MeV to the high energy level of about 2.5 is covered 
by the data showing a strong decrease of the ratio between 10 and 20 MeV excess energy. 
Effects from the final state interactions in the p — S° channel seems to be much smaller compared to the 
p — A one. Estimates of the effective range parameters are given for the NA and the NS systems. 

PACS. 13.75.-n Hadron-induced low- and intermediate-energy reactions and scattering (energy(less-than- 
or-equal-to) 10 GeV) - 13.75.Ev Hyperon-nucleon interactions - 13.85.Lg Total cross sections - 14.20.Jn 
Hyperons - 25.40.Ep Inelastic proton scattering 
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1 Introduction 

In the kinematical threshold region the strangeness pro- 
duction is commonly described by both non-strange and 
strange meson exchange with or without explicit inclusion 
of an intermediate resonance as depicted in the four graphs 
of Fig. While the exchange of the lightest mesons, namely 
7r and K + , is expected to be dominant in the A and E° 
production PI21EE]ElinitZ| there could be also a contribu- 
tion arising from the exchange of heavier non-strange or 
strange mesons PKHHOUll) . In addition, proton- hyperon 
final state interactions (FSI) play an important role when 
comparing the pK + A and pK + S° reaction channels. 

Since the quark structures of the two neutral A and 
E° hyperons are analogous to each other one can expect 
similar production mechanisms. In such a case the cross 

section ratio 1Za/e° = a(pp^>pK+ should be mainly de- 
termined by the isospin relation which leads to TZa/s° ~ 3, 
in good agreement with the value TZa/s° ~ 2.5 observed 
in proton-proton scattering experiments at excess energies 
Q > 300 MeV [121 ■ It is interesting to note that a compa- 
rable cross section ratio was determined in antiproton- 
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Fig. 1. Examples of possible graphs for the A or X" hyperon 
production with inclusion of proton-proton initial (ISI) and 
proton-hyperon final (FSI) state interactions. 



proton annihilation experiments leading to A- A, S°-A + 
c.c. and E^-S^ as performed by the PS185 collaboration 
at LEAR [H1TPT1. 

In contrary to these results, close to threshold data ^B] 
(i.e. Q < 13 MeV) taken at the COSY-11 facility [T611T7] 
revealed as the most remarkable characteristic a ratio of 
T^A/s a ~ 28. 

At first a dominant iGexchange mechanism was dis- 
cussed JH] as a possible explanation of the large A/E° 
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cross section ratio, which can be determined by the ratio 
of the squared coupling constants g\xK I 9snk> assuming 
that all other components in the A and S° production di- 
agrams are the same and when neglecting any final state 
interactions. It is particularly interesting to note that the 
ratio of the coupling constants within the SU(6) represen- 
tation 18 , 19; leads to Ha/£° — 27, which exactly repro- 
duces the experimental result very close to threshold but 
fails to explain the cross section ratio observed at high ex- 
cess energies. In reality it is expected that also 7r-exchange 
contributes significantly in the production process. For a 
review of that issue the reader is refered to [201 • 

The first COSY-11 data on the ratio encouraged sev- 
eral groups to explain the experimental results. For exam- 
ple calculations within a meson exchange model [Jj taking 
into account pion and kaon exchange (graphs b) and c) 
in Fig. ^| and their interference reproduce the measured 
excitation functions of A and S° production: while the A 
production channel appears to be dominated by the K- 
exchange mechanism, both 7r and K exchange contribute 
with equal strength to the U° production. Therefore a n- 
K interference becomes significant only in the S° case. 
Indeed the authors of Ref. 7 argue that the data require 
— independent of the hyperon-nucleon potential used for 
the description of the low-energy final state scattering pro- 
cess — a destructive interference between the ir and K 
exchange contributions. 

Other recent models |51R)lll0llll| describe the ratio R 
within a factor of two by including heavier exchange mesons 
(graph b) Fig.QJ or nucleon resonances (graph d) Fig.QJ. 

More data were needed to differentiate between the 
various descriptions and to develop a suitable model for 
the hyperon production. Therefore, additional cross sec- 
tions were measured at the COSY-11 facility in order to 
determine the energy dependence of the A/ S° cross sec- 
tion ratio in the transition region from Q 14MeV to 
Q « 60MeV where the production ratio changes most 
drastically. 



2 Experiment 

The present hyperon (Y) production experiments were 
performed at the Cooler Synchrotron COSY-Julich [21] 
using the COSY-11 detection facility |lfiU17| shown in 
Fig.0 

One of the regular COSY dipole magnets serves as a 
magnetic spectrometer with a H2 cluster beam target |22| 
installed in front of it. Due to the advantage of internal 
beam experiments to use targets with comparatively low 
areal densities (e.g. ~ 5T0 13 atoms/cm 3 ), energy losses 
and secondary reactions in the target are negligible. The 
interaction between a proton of the beam with a proton 
of the cluster target may lead to the production of neutral 
hyperons (S° , A) via the reactions pp — > pK + A(£°). 

The selection of pK + A(S Q ) events is done by the de- 
tection of both positively charged particles in the exit 
channel (i.e. proton and K + ) while the unobserved neutral 
particle is identified via the missing mass method. 



Cluster 

tareei Di P° le magnet 




Fig. 2. COSY-11 detection facility. 

Positively charged ejectiles from these reactions have 
smaller momenta than the protons in the beam and there- 
fore, they are directed from the circulating beam by the 
magnetic field of the dipole towards the inner part of the 
COSY ring. 

Leaving the vacuum chamber through a very thin exit 
foil (300 fim carbon fibre/30 /jm Al) ^Hl, the charged re- 
action products are registered in a set of two drift cham- 
bers Dl and D2 for the track reconstruction. With the 
well known magnetic field, their momenta can be deter- 
mined by tracking back to the interaction point. Further- 
more, a time-of-flight measurement between the S1(S2) 
start and the S3 stop scintillator hodoscopes allows to de- 
termine their velocity. Therefore, the four-momentum vec- 
tors for all positively charged particles can be established 
and together with the known initial kinematics, the four- 
momentum of the unobserved neutral hyperon is uniquely 
determined. 

To avoid systematical uncertainties as much as pos- 
sible, COSY was operated in the "supercycle mode" i.e. 
the beam momenta were changed between the cycles, such 
that for example 10 cycles with a beam momentum cor- 
responding to the excess energy Q = 20 MeV above the 
E° threshold were followed by one cycle with the same Q 
above the A production threshold. The ratio of the num- 
ber of the cycles was chosen inverse to the ratio of the 
cross sections for the A and £° production based on the 
expectations from previous experiments. Thus, both cross 
sections were measured under the same conditions and 
possible changes in the detection system did not influence 
the data taking procedure, especially for the determina- 
tion of the cross section ratio. 

In Fig. [31 typical missing mass spectra for the threshold 
production of A and E° hyperons are given, both mea- 
sured at the same excess energy of Q = 20 MeV. It is 
obvious that the peak to background ratio is much larger 
for the A than for the U° production. The solid lines are 
background distributions as derived from the experimen- 
tal data themselves by selecting side bands of the two 
dimensional invariant vs. missing mass representation be- 
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low and above the kaon range as described in a previous 
publication The small excess of counting rate in the 
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Fig. 3. Spectra of the missing mass for the pp — » pK + A (upper 
part) and pp — » pK + S° (lower part) reactions measured at the 
same excess energy Q — 20 MeV above the A and S° threshold, 
respectively. 

lower part of the figure at smaller missing masses than 
the £° peak is be due to pp — > pK + Aj and pp — > pK + A 
reactions with subsequent A decay and missidentification 
of the primary and secondary protons. The dashed line in 
the lower panel of Fig. shows the distribution for the 
pp — > pK + A reaction obtained in Monte-Carlo simula- 
tions. The background shoulder beyond the A peak in the 
figure for the S° hyperon production is predominantly due 
to the decreasing missing mass resolution with increasing 
Q value [2*3]. 

3 Results 

3.1 Total cross section 

The total cross sections extracted for all measured beam 
momenta are listed in Tables ^ and [21 where only the sta- 
tistical errors are given. In addition, the following system- 
atic uncertainties have to be taken into account: for the 
background subtraction 15 % for S a and 7 % for A as 
well as 3.5 % due to the luminosity determination which 
is performed by a simultaneous measurement of proton- 
proton elastic scattering ^7]. A further systematical er- 
ror of below 5 % is introduced by the detection efficiency 
which is determined via GEANT 24 simulations assum- 
ing an S-wave production process with inclusion of the 
proton- Y FSI only in the case of the pp — > pK + A reaction. 
The detection efficiencies for different access energies are 
shown in Tables and [21 To deduce the influence of possi- 
ble higher partial wave contributions a P-wave in the p-Y 
system was introduced in the MC simulations. Compared 
to S-wave pure P-wave production would result in an in- 
crease of the total acceptance of about a factor two for 
the highest Q = 60MeV. This moderate difference can be 
explained by the special configuration of the detection sys- 
tem with a nearly full acceptance in the horizontal plane 



resulting in the full coverage of the O angular range for a 
thin slice in the vertical plane. 

In reality P-wave contribution is expected to be below 
20% at a Q- value of 60MeV an d much smaller at lower 
Q values. Therefore, an additional systematical error in 
acceptance calculation due to the higher partial wave in 
the p-Y system would be below 20%. 



Table 1. Values of the cross sections for the A production 
in proton-proton collisions for six excess energies above the 
production threshold. 



pp — > pK + A 


Excess energy 


Total cross section 


Detection efficiency 


Q [MeV] 


cr [nb] 


{%] 


13.9 ± 0.5 


630 ± 79 


0.65 ± 0.02 


15.9 ± 0.7 


727 ± 57 


0.56 ± 0.015 


20.2 ± 0.7 


1011 ± 99 


0.39 ± 0.01 


30.1 ± 0.5 


1366 ± 247 


0.25 ± 0.01 


39.7 ± 1.1 


2118 ± 266 


0.145 ± 0.005 


59.3 ± 0.5 


3838 ± 624 


0.075 ± 0.005 



Table 2. Values of the cross sections for the E production 
in proton-proton collisions for six excess energies above the 
production threshold. 



pp -> pK+E { > 


Excess energy 


Total cross section 


Detection efficiency 


Q [MeV] 


cr [nb] 


[%] 


13.8 ± 0.5 


34.9 ± 6.5 


0.76 ± 0.02 


15.9 ± 0.9 


46.8 ± 6.4 


0.66 ± 0.015 


20.3 ± 0.7 


78 ± 14 


0.47 ± 0.01 


29.9 ± 0.5 


125 ± 32 


0.28 ± 0.01 


39.7 ± 1.3 


196 ± 33 


0.167 ± 0.005 


59.1 ± 0.5 


482 ± 144 


0.078 ± 0.005 



Previous COSY-11 measurements of the excitation func- 
tion for the pp — ► pK + A and pp — > pK + E° reactions at 
excess energies up to Q — 13 MeV above the production 
threshold are summarized in |15| . where it was pointed 
out that the energy dependence of the cross section is 
much better described by a 3-body phase space behaviour 
modified by the proton-hyperon (p — Y) final state inter- 
action than by a calculation taking into account pure 
phase space only. However, it should be emphasized, that 
in J^l these fits were naturally limited to the excess en- 
ergy range of the available data, i.e. Q < 13 MeV. 

In Fig.Hthe first COSY-11 data |T5l2r)] and one data 
point obtained by the COSY-TOF collaboration [2Hj are 
now extended by the new results up to Q = 60 MeV. 

The dashed lines in Fig. 01 represent % 2 fits to the full 
set of data points in the excess energy range Q < 60 MeV 
with a pure phase space behaviour |27j: 

a = K Q 2 , (1) 
with the normalisation constant K resulting in: 

K{A) = (3.08 ± 0.06) nb/MeV 2 

K(S°) = (0.150 ± 0.008) nb/MeV 2 . 

The solid lines in Fig. 01 are \ 2 fits by the Faldt and 
Wilkin parametrisation with inclusion of the energy 
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Fig. 4. Total cross sections for the pp — > pK + A and 
pp — » pK + E° production. Open symbols present results of this 
work. Full symbols were determined from previous measure- 
ments of the COSY-11 |1SIS6| (circles and squares) and COSY- 
TOF collaboration ^ (t riangle). The plotted error bars in- 
clude only statistical errors. 

dependent flux factor F which accounts for the different 
kinematics [20] 

V ps 1 

a = const ■ ■ - 

F 



= c ■ 



Q 



A(s,m2, m 2) l x + L ~ q 



(2) 



The phase space volume V ps and the flux factor F are 
given by 



V, 



ir 3 y/m p m K + my 



ps 



2 (m p + m K + + m v ) 2 
F = 2 (2vr) 3 "- 4 ^A(s,m2, in2). 



(3) 
(4) 



The triangle function A is defined, e.g., in The pa- 
rameter e', which is related to the strength of the p — Y 
final state interaction, and the normalisation constant C 
are determined by the x 2 fits for each reaction separately 
resulting in: 

C'(A) = (98.2 ± 3.7) nb/MeV 2 

e'(A) = (5M±° it) MeV 

C'(£°) = (2.97 ± 0.27) nb/MeV 2 

e'(S°) = (133 i^ 8 ) MeV. 

In case of the A production the x 2 -value for the fit is 
X 2 — 1.8, which demonstrates a much better description 
of the data than by pure phase space representation with 

Contrary, in case of S° production there is almost no 
difference between the fit results assuming phase space 
either with or without FSI, resulting in x 2 = 1-16 and 
X 2 = 1.11, respectively. This might indicate a rather weak 



p — U° FSI 1 although this could be also feigned by either 
higher partial wave contributions or an energy dependence 
of the elementary amplitude |28j. 

Having extracted e' from the fit to the data it is possi- 
ble to express the results in terms of the averaged effective 
range parameters, namely the scattering length a and the 
effective range f . Assuming only S-wave production, the 
p — A(S°) systems can be described using the Bargmann 
potentials [^H], where a and f are expressed as: 



a + P 



■0 



(5) 



While (3 is a shape parameter, the value of a is cal- 
culated via e' = a 2 /2fi where /i is the reduced mass of 
the (p — Y) system The sign of a is ambiguous but 
the negative value is chosen since (at least for p — A) an 
attractive interaction is expected |3UU31| . 

As can be seen from Eq. ||SJ the parameters a and f are 
interdependent and only a deduction of the correlations 
between them is possible. The extracted correlations for 
the p — E° and p — A systems are presented in Fig. 
by solid and dashed lines, respectively. The error ranges 
(thinner lines) result from the errors in e'. 
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Fig. 5. Correlation between the p — E° (solid lines) and p — A 
(dashed lines) effective range parameters obtained as described 
in the text from e{£°) and e{A), respectively. The cross sym- 
bol represents the averaged value of the p — A effective range 
parameters extracted from a FSI approach in threshold A pro- 
duction 32 . 

The results obtained for the p— A system are consistent 
with the value of the spin averaged parameters determined 
experimentally 32 and represented in Fig.Elby the cross. 
In the p — U° system, the scattering length seems to be 
much smaller. However, one should be cautious with the 
interpretation of the result for p— S°. Because of possible 
transitions in the final state (like nS + — > p£°) the use 
of the FaLdt and Wilkin parametrization allows only to 
obtain a qualitative estimation of the FSI effects induced 

1 With e' — > oo in Eq. @ one obtains the pure phase space 
distribution given by Eq. Q. 
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by the N — £ interaction but not directly on the p — £" 
channel. 



3.2 Energy dependence of the A/S° cross section ratio 

The cross section ratios for the excess energy range 
14 MeV < Q < 60 MeV are listed in Table 0(and graphi- 
cally presented in Fig.EJ), where only statistical errors of 
the ratios are given. 

The data show a strong decrease of the A/U° - pro- 
duction ratio in the excess energy range from ^10 MeV 
to ~ 20 MeV. Above 20 MeV the slope is much smaller 
and the ratio seems to approach slowly the high energy 
level. 

Table 3. Cross section ratios for the A/S° productions at six 
excess energies. 



Excess energy 
Q [MeV] 


<r(pp — » pK + A ) 
a{pp -> pK + E u ) 


13.9±0.6 


18.1 ± 4.1 


15.9±0.8 


15.5 ± 2.4 


20.3±0.8 


13.0 ± 2.6 


30.0±0.7 


10.9 ± 3.4 


39.7±1.2 


10.8 ± 2.3 


59.2±0.7 


8.0 ± 2.7 



4 Comparison with model expectations 

Within different meson exchange models attempts have 
been made to reproduce the behavior of the A/2J cross 
section ratio, the high threshold value as well as the energy 
dependence. 

A strong UN — > Ap final state conversion ^H] is rather 
excluded as a dominant origin of the observed S° suppres- 
sion — at least according to a coupled channel calculation 
of the Jiilich group [7J , where both w and K exchange are 
taken into account with inclusion of the final state inter- 
action (FSI) effects. Here A production is dominated [7J 
by kaon exchange, which is in line with the experimen- 
tal results obtained by the DISTO collaboration |22j at 
higher excess energies (Q = 430 MeV), where the impor- 
tance of K exchange is confirmed by a measurement of 
the polarisation transfer coefficient. Contrary, in case of 
E° production both ir and K exchange are found to con- 
tribute with about the same strength [7J. 

A destructive interference of the it and K exchange, 
suggested by Gasparian et al. 171125] . is able to describe 
the large cross section ratio close-to-threshold. Contribu- 
tions from direct production as well as from heavy meson 
exchange were not considered in these calculations but 
might have an influence on the ratio of the Aj E° produc- 
tion as suggested in Refs. [8ll51l34| . 

In Fig. [S] the energy dependence of the cross section 
ratio given by the different models is shown together with 



the available data. The predictions of the different models 
are of comparable quality even though different produc- 
tion mechanisms are considered. However, none of them 
reproduces the data really well. 

Studies of the production ratio in Ref. fTU] consider 
two different models: The first one is based on tt and K 
exchange calculations neglecting completely any interfer- 
ences of the amplitudes (35] (dashed-dotted line) . The sec- 
ond one considers the exchange of tt or heavier mesons 
with an excitation of intermediate N* resonances coupled 
to the K + Y channel (dashed-double-dotted line). 

Again, any interference of the amplitudes are neglected. 

The resonance production is also taken into account in 
an effective Lagrangian approach (dotted line) based 
on methods discussed in references |25fKZ( i5BL where the 
strangeness production mechanism is modeled by the ex- 
change of 7T, p, to and a mesons with a subsequent exci- 
tation of the nucleon resonances V*(1650), V*(1710) and 
V*(1720). In those calculations the experimental data are 
reproduced within a factor of two. 

The one-boson exchange calculation performed by La- 
get 5,6 takes interference effects of pion and kaon ex- 
changes into account by selecting the relative sign for these 
two mechanism which gives the best description of the 
cross sections. The results of those calculations not only 
reproduce the threshold data of the A/S° ratio within a 
factor of two and the polarisation transfer results of the 
DISTO experiment [33] but also describe the missing mass 
distribution obtained in the inclusive K + production mea- 
surements performed at SATURNE [35]. However, since 
the predicted ratio is given only in the excess energy range 
4.5 MeV < Q < 16 MeV [SMHj . the results are not shown 
in Fig. E] 

The solid line in Fig. results for the ratio of the fit 
functions as shown in Fig.^which suggests that the energy 
dependence is simple governed by the different strengths 
of the p-Y final state interactions but here the amplitudes 
are simply independently normalized without considering 
the differences in the contributing production amplitudes. 

5 Conclusion 

At the internal hydrogen cluster target facility COSY-11 
the energy dependence of the total cross sections for the 
pp — » pK + A and pp — * pK + S° production was measured 
in the range of excess energies between 14 and 60 MeV 
in order to investigate the transition of the A/S° cross 
section ratio TZ from 71 « 28 at Q < 13 MeV to TZ « 2.5 
at Q > 300 MeV. 

A strong decrease of the cross section ratio in the ex- 
cess energy range between 10 and 20 MeV is observed. 
Various models are able to describe the data within a fac- 
tor of two with comparable quality, even though they differ 
in the dominant contribution to the production mecha- 
nism. 

Below Q = 13 MeV the measured excitation functions 
were consistent with comparable final state interaction 
strengths in both channels, p — A and p — £° [TS|. The 
new data sugest much weaker final state interactions in 
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Fig. 6. Energy dependence of the cross section ratio for A/S° 
production in proton-proton collisions. Circles and squares 
present the experimental data from 15 and the present work, 
respectively. The data point at Q > 300 MeV is an average 
taken from the compilation of Ref. |12| . The curves represent 
calculations within different models, n and K exchange with 
destructive interference 1281 (dashed line), incoherent 7r and 
K exchange ^U] (dashed-dotted) , meson exchange with inter- 
mediate N* excitation 10 (dashed-double-dotted) and effec- 
tive Lagrangian approach including TV* excitation (dotted 
line). The solid line presents the ratio of the fit functions given 
by formula |21 and shown in Fig. 0] 

the p — E° channel than in the case of p — A, at least as 
far as the present results are not feigned by contributions 
from higher partial waves and/or an energy dependence 
of the elementary production amplitude. 

A measurement with high statistics at an excess en- 
ergy of 40 MeV < Q < 60 MeV is highly desirable to 
study the angular distribution of the produced A and JJ° 
hyperons. This would allow to determine whether higher 
partial waves already contribute in this energy range. Also, 
for a significant improvement of the accuracy of the infor- 
mation extracted from the YN FSI a measurement of the 
corresponding invariant mass spectra would be very use- 
ful 00]. 

In addition, data with polarized beam and hyperon 
polarization will be helpful to disentangle the contributing 
exchange mesons. Also other isospin channels have to be 
considered. Calculations within the Jiilich meson exchange 
model jjj for other S channels have shown that e.g. the 
reaction channel pp — > nK + S + is strongly dependent on 
the 7T — K interference. For a destructive interference the 
cross section for pp — » nK + S + is expected to be a factor 
of three higher and for constructive interference a factor 
of three lower than the cross section for pp — ► pK + E° . 

Data of the reaction pp — > nK + S + have already been 
taken at COSY-11 and the analysis is in progress. 
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